During the growing season of 1984, the rhizobacteria (including organisms from the rhizosphere soil, the rhizoplane, and internal root zones) of 47 maize plants (two Rhizobacteria may exert deleterious, neutral, or beneficial effects on plant growth (6. 8, 11, 26, 28) . It has been suggested that the majority of plant-growth-promoting rhizobacteria act by displacing or antagonizing deleterious microorganisms. During the last decade numerous biocontrol experiments with plant-growth-promoting rhizobacteria have been reported (3, 12, 16) . Nonetheless, the inconsistency of the results demonstrates that there is still a considerable need for extensive inventory studies on rhizobacterial populations to understand the different criteria which influence the composition of the rhizobacterial flora. Such studies can be very valuable for the development of plant-growth-promoting seed inocula. For studies on the rhizosphere comprising hundreds of bacteria, current isolation and identification techniques are inadequate in terms of time and resolution. Therefore, we used a rapid sodium codecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) fingerprint technique to make an inventory of the rhizobacterial populations of maize. The aim of the present study was to investigate (i) the variations of the rhizobacterial populations during the growing season, (ii) the composition of rhizobacterial populations of two maize varieties, and (iii) the production of antifungal compounds by some of these rhizobacterial strains. flint-dent corn. BR1042 is an early, simple variety of dent corn. The two varieties are genetically unrelated. These varieties were chosen because they were easily available. On 29 May 1985, 17 maize seedlings (cv. LG5, second to third leaf stage) from another Limagrain field at Arras were sampled. Plants were lifted together with adherent soil into plastic bags, transported to the laboratory within 12 h, and analyzed the same day.
Rhizobacteria may exert deleterious, neutral, or beneficial effects on plant growth (6. 8, 11, 26, 28) . It has been suggested that the majority of plant-growth-promoting rhizobacteria act by displacing or antagonizing deleterious microorganisms. During the last decade numerous biocontrol experiments with plant-growth-promoting rhizobacteria have been reported (3, 12, 16) . Nonetheless, the inconsistency of the results demonstrates that there is still a considerable need for extensive inventory studies on rhizobacterial populations to understand the different criteria which influence the composition of the rhizobacterial flora. Such studies can be very valuable for the development of plant-growth-promoting seed inocula. For studies on the rhizosphere comprising hundreds of bacteria, current isolation and identification techniques are inadequate in terms of time and resolution. Therefore, we used a rapid sodium codecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) fingerprint technique to make an inventory of the rhizobacterial populations of maize. The aim of the present study was to investigate (i) the variations of the rhizobacterial populations during the growing season, (ii) the composition of rhizobacterial populations of two maize varieties, and (iii) the production of antifungal compounds by some of these rhizobacterial strains.
MATERIALS AND METHODS Samplings. The rhizobacterial populations of maize were followed during two growing seasons. In 1984, 47 plants of the maize varieties LG5 and BRI042 were sampled on three different research fields of the Societe Limagrain in France (Table 1). LG5 is a very early, double-hybrid variety of flint-dent corn. BR1042 is an early, simple variety of dent corn. The two varieties are genetically unrelated. These varieties were chosen because they were easily available. On 29 May 1985, 17 maize seedlings (cv. LG5, second to third leaf stage) from another Limagrain field at Arras were sampled. Plants were lifted together with adherent soil into plastic bags, transported to the laboratory within 12 h, and analyzed the same day.
Isolation of rhizobacteria. In the 1984 analysis, plant roots were carefully removed from the soil, washed twice in ringer solution (Oxoid Ltd., London, England) for 5 min with a flask shaker (Stuart Scientific Co., Ltd.), weighed, and surface disinfected by gently shaking in 70% ethanol (1 min), 20% household bleach (5 min), and thiosulfate Ringer solution (Oxoid) (5 min). Roots were then macerated in phosphate-buffered saline (PBS; Oxoid) with a mortar and pestle. Threefold dilutions of the homogenates were plated on seven different media: nutrient agar (Difco Laboratories, Detroit, Mich.), 10% Trypticase soy broth (BBL Microbiology Systems, Cockeysville, Md.) plus 2% agar (TSBA), plate count agar (1), cellulose medium (27) , Klebsiella isolation medium (7), Nocardia-Rhodococcus isolation medium (21) , and AZospirilliam isolation medium (18) . All media were incubated at 28°C. Total counts and counts per colony type were made; from each medium one colony per colony type was isolated and purified on TSBA.
In the analysis performed in 1985, bacteria were isolated from rhizosphere soil as well as from the roots. For the isolation of bacteria from the rhizosphere soil, a few grams of adherent soil were suspended in PBS and threefold dilutions were plated on TSBA. Since previous experiments had shown that external root zones and internal zones (endorhizosphere) harbor different bacteria, the isolation procedure to obtain bacteria from the roots was divided into two steps. For the isolation of bacteria from the external root zones (including the rhizoplane), roots were gently washed Screening of rhizobacteria for production of antifungal agents. Fungus inhibition tests were performed as described previously (5) by placing an agar plug with mycelium in the center of a potato glucose agar (Oxoid) plate and streaking the rhizobacterial strain near the edge. Plates were incubated at 280C and checked for inhibition. A total of 156 rhizobacterial isolates representing 17 different predominant protein electrotypes were tested. The fungal pathogens of maize, tested as target organisms, were mentioned in Table 4 . Moreover, all rhizobacteria of five plants were also screened against Rhi. octonia (ereallis, Rhikoctonia solani, Septolria tritici, and Helininthosporiium solini in addition to the pathogens mentioned in Table 5 , with the exception of Futsariiii nil'ale.
In the 1985 analysis, a direct method for isolation of antifungal rhizobacteria was followed (5): 10 Each of the five plants taken from the same field harbored at least one antifungal rhizobacterial strain (fluorescent pseudomonad or P. cepacia) ( Table 5 ). Only the P. cepaciia isolates inhibited all fungal pathogens. The P. cepacia protein electrotype 9.1 was present on two plants (1984 analysis). In most cases, antifungal strains had higher occupation degrees than inactive ones, indicating that the production of an antifungal compound(s) might be a selective advantage for the producer strain in the rhizosphere.
Chemical characterization of antifungal compound produced by P. cepacia isolates. The antifungal component(s) of the P. cepacia isolates was further characterized chemically.
A comparison of spectral data of the purified antifungal compound from P. cepacia 9.1 by UV-infrar, 'H and "3C nuclear magnetic resonance, and gas chromatographic-mass spectrophotometric analyses with fungicides of other strains (characterized in our laboratory revealed that this was pyrrolnitrin [3-chloro-4-( 2'-nitro-3'-chlorophenyl)pyrrol]. Nonetheless, the comparison between the inhibition spectrum of the pyrrolnitrin-producing P. cepacia and the purified pyrrolnitrin showed that at least one other fungicide is produced by this strain since Gaemnannomyvces gralininis var. tritici, P. iuitnimn, and C. linidemnithitnlnm were inhibited by strain 9.1 but not by pyrrolnitrin. DISCUSSION The results of this study demonstrate the value of the SDS-PAGE technique for ecological studies of bacterial populations. We used seven different isolation media, allowing a more representative sampling of rhizobacterial populations. If we had used but a single nonselective medium (e.g., 10% TSBA), we would have isolated only 28% of the different protein electrotypes that we obtained. Rhizobacterial populations of maize are very heterogeneous. The fluorescent pseudomonads are the most abundant group in maize roots together with a heterogeneous assemblage of yellow bacteria. The fluorescent pseudomonads were found throughout the season (1984 analysis) and were represented by 43 different protein electrotypes, which demonstrates the large heterogeneity within this group. Interestingly, we found fluorescent as well as nonfluorescent isolates within some P. fliuorescens electrotypes. Three fluorescent pseudomonad protein electrotypes occurred on plants from different locations. Many studies have reported on the isolation of pseudomonads from the rhizosphere (15, 20, 23) . The pseudomonads are known to be an important component of the rhizosphere (23) and have been used intensively in seed bacterization experiments. Fluorescent pseudomonads may have a favorable (6), neutral, or deleterious influence on plant growth (11, 25, 26. 29) . It has been suggested that plant-growth-promoting fluorescent pseudomonads act mostly by antagonizing (production of antibiotics, cyanide, or chelating agents) or displacing deleterious microorganisms.
X. maltophilia was also present throughout the season, but mainly in the early growth stages. X. naltophiilia has been isolated from the rhizospheres of several plant species, especially cruciferous plants (9) . The genus Xanthomoncas contains, strictly speaking, only phytopathogenic species, but there is no evidence yet that X. maltophilia has any negative influence on plant development.
Other quantitatively important species in the maize rhizosphere are S. liquefaciens, P. paucimobilis, and Bacillhis spp. P. paucinmobilis was found in the roots of 65% of the maize seedlings in Arras (1985) . P. paucimobilis strains from the rice rhizosphere were shown to fix nitrogen (4, 30 The low similarity between the bacterial populations of plants originating from the same field suggests an accidental character of bacterial colonization of the rhizosphere. The colonizing rhizobacteria were either well spread in the soil of one field but colonized the roots only occasionally or they were only locally present and colonized nearby roots.
There is a low similarity between rhizobacterial populations of plants at different growth stages. Nonetheless, protein electrotypes present in the early season were more frequently recovered later. This observation indicates that early colonizers have a competitive advantage, and it further supports the idea of introducing populations of beneficial rhizobacteria in crops. In the seedlings, bacteria grow on the mucigel sheath of the root cap, on exudates from the metabolically active regions of the root, and on fragments sloughed off from the root cap (22, 24) . As the maize plants develop, they produce nodal roots, which largely replace the primary roots (13) . Older roots may undergo extensive cortical degeneration, and the decay of these outer layers of cells provides further sites for colonization. Some (2) . Since then, several other Pseudomonas species have been found to produce pyrrolnitrin or its derivatives: P. aureofaciens, P. fluorescens, P. cepacia, "P. acidula," P. aeruginosa, P. mephitica, "P. ovalis," "P. shuylkilliensis" (= P. fluorescens). The taxonomic allocation of many of these strains is unknown. It has been suggested that pyrrolnitrin synthesis is widespread within the genus Pseudomonas (10) . Only a few efforts have been made to apply pyrrolnitrin as an agrochemical, probably because it is unstable in daylight. Howell and Stipanovic (12) have successfully treated cotton seeds with pyrrolnitrinproducing P. flluorescens to protect them against R. solani. The fact that pyrrolnitrin persists in soil for 30 days and that it is not phytotoxic to cotton seedlings (12) makes it a good candidate for application in the rhizosphere via rhizobacteria: the continuous in situ production of pyrrolnitrin by root-colonizing bacteria could effectively protect seedlings against soil-borne plant pathogenic fungi.
